Tea polyphenols especially catechins have long been studied for their antioxidant and radical scavenging properties. Scientists throughout the world have investigated the usefulness of the regular green tea consumption in several disease conditions. In-vitro and in-vivo experiments on catechins especially epigallocatechingallate have revealed a significant role in many ways. Reactive oxygen species have been increasingly implicated in the pathogenesis of many diseases and important biological processes. Toxic effects of these oxidants, commonly referred to as oxidative stress, can cause cellular damage by oxidizing nucleic acids, proteins, and membrane lipids. Oxidative stress has been related to aging and age related disorders. It is found that in a wide variety of pathological processes, including cancer, atherosclerosis, neurological degeneration, Alzheimer's disease, ageing and autoimmune disorders, oxidative stress has its implications. Catechins have been reported to be useful in combating aging and age related disorders like cancer, cardiovascular disorders and neurodegenerative diseases. In this mini review we will discuss such studies done across the globe.
INTRODUCTION
Tea is a popular beverage prepared from the leaves of Camellia sinensis worldwide. Three main types of tea, viz. green tea, black tea, and oolong tea are manufactured from its leaves. Historically, tea has been a widely consumed beverage among Chinese and other Asian populations. The health benefits in several inflammatory and age related disorders have led to increased popularity of tea especially green tea. These beneficial effects are attributed to the flavonoids found in green tea i.e. catechins (Graham, 1992) . Tea catechins or green tea catechins (GTC) are major polyphenols present in green tea and include (-) epicatechin (EC); (-) epicatechin gallate (ECG); (-)epigallocatechin (EGC) and (-)epigallocatechin gallate (EGCG) . During the manufacturing process of black tea and oolong tea these catechins get oxidized to form orange-red pigments, theaflavins (TF) (Subramanian et al., 1999) . The catechins possess antioxidant properties (van Acker et al., 1996) that make them helpful against reactive oxygen species (ROS) and oxidative stress (OS) in a number of pathological conditions viz. cardiovascular diseases including hypertension, neurodegenerative disorders, atherosclerosis, cancer, inflammation and aging Gutteridge, 1993) .
A small percentage of the oxygen we inhale gets converted to ROS viz. O 2 -, H 2 O 2 , and ·OH (Harman, 1993) which can cause OS resulting in damage to the ionic parameters (Maridonneau et al., 1983) , membrane bound receptors and enzymes (Halliwell and Gutteridge, 1986) , lipoproteins (Steinberg et al., 1989) , DNA (Wiseman and Halliwell, 1996) , etc. These ROS are handled by the cellular antioxidant systems. But in the case of an imbalance between ROS production and the antioxidant defence system, several pathological conditions including premature aging arise. Recently, the pineal hormone, melatonin, having antioxidant properties, has been related to the aging process and has been shown to decrease with age (Reiter et al., 1998) , further slowing the decline in antioxidant capacity with age and making our system more prone to age related disorders. In the following manuscript, there will be a discussion of studies related to catechins and aging and age related disorders viz. neurodegenerative disorders, cancer and cardiovascular disorders. About 80% population of Asian and African countries depends on traditional medicine for primary health care. Traditional medical system helps us in understanding the laws and pattern of nature. The objective of this review is to discuss the role of tea catechins in prevention of aging and age related disorders.
Catechins
Catechins are polyphenolic, plant secondary metabolites, which are widely known for antioxidant properties. Catechins derive their name from catechu, a plant extract of Acacia catechu, from which it was first isolated. Catechins are grouped under flavan-3-ols, a class of flavonoids that also include catechin gallates, the gallic esters of catechins.
Structure
The catechins and catechin gallates use 2-phenyl-3,4-dihydro-2H chromen-3-ol skeleton in their chemical structure. Catechins normally possess three rings (two benzene and a dihydropyran heterocycle) with two chiral centres. This gives two trans-and two cis-isomers, called catechins and epicatechins respectively. The benzene rings (called A and B rings) are similar to resorcinol and catechol moieties respectively. The B ring catechol moiety and the hydroxyl group (on ring C of ungallolyated catechins or on rings B and D in gallolyated catechins) are important for their antioxidant properties (Tournaire et al., 1993; Salah et al., 1995) . The importance of the gallate group of the C-3 position has been reported (Sanae et al., 2002) .
Sources
Catechins are widely found in tea from Camellia sinensis, cocoas, chocolates, fruits, vegetables, and wines (Hammerstone et al., 2000; Ruidavets et al., 2000; Zaveri, 2006) . Catechins contribute 30-40% of the dry weight of a green tea extract (GTE). Thus, green tea beverages are an excellent source of these polyphenols (Wang et al., 1994; Raza and John, 2007) . The catechin content has been reported to be four times more in chocolates than in tea (Arts et al., 1999) , while apricots containing 250 mg/kg fresh weight are the richest source (Manach et al., 2004) .
Production of tea plant
The tea plant (Camellia sinensis) belongs to Theaceae family. It is originated in China, Tibet and Northern India. There are about 200 species of tea plant. It is cultivated in tropical and temperate places and with average yearly rain fall of 2000 mm. Tea comes from the leaves and buds of tea plants. There are mainly three types of tea: black tea, white tea and green tea. The difference in different types of tea is the mode of production. An important phase in the production process is the stage in which leaves are dried. This stage reduces the moisture and thereby strengthening and preserving the tea leafs. Green tea production process involve: a) Drying: leaves are sundried on bamboo trays for a few hours. Leaves are further roasted in order to vaporize additional moisture. b) Rolling: The leaves are then rolled. c) Drying: The leaves are put back into pans for additional drying. This step is to give them final shape.
Mode of action
Catechins are known mainly for their antioxidant properties which are primarily due to the ability to scavenge the free radical species and prevent oxidative damage that may otherwise cause toxicity and disorders. The possible mechanisms of scavenging the free radicals have been reviewed earlier by Sutherland (Sutherland et al., 2006) and will not be discussed here. They are known to prevent lipid peroxidation by the initiators of oxidative stress which in turn prevents oxidation of biomolecules by ROS Raza and John, 2007) . The exact mechanism of action of catechins is yet to be shown in vivo, though several in-vitro and in-vivo studies have been carried out in animal and human models. Concentration dependent inhibition of NAPDPH/Fe2+ induced lipid peroxidation in rat microsomes and the inhibition of CYP2E1 activity, involved in ROS production and metabolism have been reported (Choi et al., 2002; Raza and John, 2007) . Catechins have been reported to possess anti-inflammatory activities by which they prevent a chronic state of inflammation.
They may achieve this by inhibition of COX-1/COX-2 enzymes (Seeram et al., 2003; Santangelo et al., 2007) , repression of nitric oxide (NO) production (Lyu and Park, 2005; Santangelo et al., 2007) , varying degrees of regulation of the expression of proinflammatory cytokines like IL-6 and IL-12 (Ichikawa et al., 2004; Santangelo et al., 2007) or by the inhibition of nuclear factor kappa B (NF-κB) and Activator Protein-1 (AP-1) mediated gene activation (Ichikawa et al., 2004; Ahmad et al., 2000; Zaveri, 2006) . Catechins inhibit the activation of genes in response to ROS; for example, in the case of NF-κB by either scavenging ROS or by reducing the degradation of the IκB, the inhibitory protein for NF-κB (Nam et al., 2001; Ichikawa et al., 2004; Zaveri, 2006) . As chronic inflammation occurs only when the normal inflammatory response of the body is disturbed, it may be a common link between chronic disorders. Thus, the role of catechins and other polyphenols as antiinflammatory molecules is an important property against ROS and oxidative stress.
Aging
Among several theories that attempt to explain the process of aging, oxidative stress hypothesis offers the best mechanistic elucidation of aging and other related phenomena (Janqueira et al., 2004) . According to the free radical theory (Harman, 1994) , an increase in generation of free radicals and oxidative stress is responsible for age related deterioration and disorders. Though small amounts of oxidative damage keep occurring even normally, the rate of this damage increases with the aging process, with the decline in antioxidative (Andriollo-Sanchez et al., 2005) and repair mechanisms (Inal et al.,2001) . In several studies, oxidative damage as a function of age has been reported. In recent studies, we took erythrocytes as a model to demonstrate age associated changes in biomarkers of oxidative stress viz. malondialdehyde (MDA), reduced glutathione and membrane-SH groups , NO , superoxide dismutase (SOD)and catalase , glutathione-S-transferase (GST) , glutathione peroxidise activity (GPx) , and a significant age dependent decline in plasma antioxidant capacity, measured in terms of ferric reducing ability of plasma (FRAP) values (Rizvi et al.,2006) . A similar study on European subjects showed a highly significant correlation between sensitivity and early markers of oxidative stress and aging (Andriollo-Sanchez et al., 2005) . A significant correlation between the decline in total antioxidant capacity of plasma and age associated increase in protein carbonyls (PCO), advanced oxidation protein products (AOPPs) and loss in plasma thiol groups (T-SH) content in Indian population was demonstrated (Pandey et al., 2010) . A similar age related increase in the carbonyl content of proteins in RBCs (Oliver et al., 1987) , the human brain (Smith et al., 1991) and rat hepatocytes (Starke-Reed and Oliver, 1989) have been reported (Berlett and Stadtman, 1997) . The correlation between antioxidant capacity and oxidative damage has been reported in several tissues of humans and different animal species (Inal et al., 2001; Melov, 2002) .
The role of dietary antioxidants in aging and age related diseases always finds importance Rizvi and Maurya, 2008; ). Recently we reported the role of tea catechins in aging and other age related diseases (Maurya and Prakash, 2011; Kumar et al., 2010) . Tea catechins have been shown to protect erythrocytes from oxidative stress induced by tert-butyl hydroperoxide (t-BHP) by decreasing MDA levels and preventing oxidation of membrane -SH groups. The study demonstrated EGCG as most effective in protection of RBCs in both the cases (Maurya and Rizvi, 2008) . Also, green tea has been shown to protect against ethanol induced oxidative stress and aging in the blood serum of mice (Luczaj et al., 2004) . Another set of studies showing the concentrationdependent effect of tea catechins, demonstrate, at lower concentrations they reduce MDA formation, displaying antioxidant properties, while at higher concentrations they induce oxidative stress (Raza and John, 2007; Zhou, 2004) . While GPx activity decreases with age in a significant correlation with the total antioxidant capacity of plasma , a study on a hepatocyte cell line in rats indicates an increase in GPx activity in Se (+) cells with the addition of catechins in media (Nagata et al., 1999) . This data clearly suggests a direct correlation between oxidative stress and aging and usefulness of tea catechins in protection against it. The possible mechanisms of action of catechins have been mentioned in section 2, though the exact mechanisms remain speculative. Tea catechins have been studied for their effects on various age associated disorders like neurodegenerative disorders, cancer and cardiovascular diseases, and in the next section we will review such studies.
Neurodegenerative disorders
Several age-associated deficits in motor and cognition activities of brain are reported, with their occurrence both in the presence and absence of chronic disorders like Alzheimer's disease (AD) and Parkinson's disease (PKD) (Kluger et al., 1997; Joseph et al., 1983; West, 1996; Youdim and Joseph, 2001 ). The human brain, especially its hippocampus, dorsomedial striatum and prefrontal cortex, plays an important role in spatial learning, memory and cognition (McDonald and White, 1994; Devan et al., 1996) . It has been suggested that the age-associated deficit in cognitive function is associated with a decline in neurotransmitter sensitivity (Shukitt-Hale et al, 1998) , while the motor function deficit has been related to an altered dopamine system or cerebellum (Bickford et al., 1992; Bickford, 1993; Shukitt-Hale et al., 2008) . It has been reported that oxidative stress is involved as one of the causes in neurodegenerative disorders like AD and PKD (Gotz et al., 1990; Riederer et al., 1989; Perry et al., 2002) and age associated behaviour deficits (Shukitt-Hale, 1999) . Apart from oxidative stress, inflammatory changes and iron accumulation (Gerlach et al., 2003; Youdim et al., 2004) have been suggested and reported to be involved in neurodegenerative diseases. Iron accumulation occurs in specific areas of the brain where degeneration occurs, in both PKD and AD (Riederer et al., 1989) . In AD, the free iron pool leads to neocortical amyloid β peptide (Aβ) deposition, the hyperphosphorylation of tau (PHF-τ, a major component of neurofibrillary tangles) and tangle formation (Weinreb et al., 2004) .
Tea catechins have long been studied for their neuroprotective abilities and mechanisms (Mandel et al., 2005; Weinreb et al., 2004) . The metal chelating ability of catechins, especially in the case of iron , is of importance in the cases of AD and PKD. Owing to this iron chelation ability, it provides neuroprotection against many neurotoxic insults and also helps in the regulation of amyloid precursor proteins (APP) processing both in-vitro and in-vivo Levites et al., 2003; Lim et al., 2001 ). The catechin activity leads to a decrease in the free iron pool, leading to the suppression of APP mRNA translation (Rogers et al., 2002 ) and a decrease in Aβ aggregation (Ono et al., 2003) which otherwise promotes oxidative stress. It also increases production of the soluble form of APP (sAPPα) (Levites et al., 2003) , a neuroprotectant (Mattson et al., 1997) , via PKC dependent activation of α-secretase that promotes solubilisation of PHFτ in AD brains (Yamamoto et al., 2002; Mandel et al., 2005; Ramassamy, 2006) . In a study by Li and co (Li et al., 2009) , the Morris Water Maze method was used to evaluate the spatial learning and memory deficits and study the effects of GTC on them. This study on C57BL/6 mice involved 6 month pre-feeding with GTC in water, and demonstrated that 0.5% and 0.1% GTC in water prevented age related spatial learning and memory decline. In the same study, GTC was shown to increase CREB activation after MWM activity which can rescue aged animals from deficits in a special memory. Further in this study, the age dependent decrease in PSD95 and CaMKII proteins and corresponding increase in these proteins by GTC were shown. In other similar studies, Hindmarch et al. (2000) have also reported improved cognitive and psychomotor performances in adults with tea consumption. Improvement in deficits induced by cerebral ischemia, with help of tea catechins and epicatechins, has also been reported in various studies (Matsuoka et al., 1995) . Also, nutritional studies have shown that tea consumption has a role in neurodegenerative disorders like PKD (Checkoway et al., 2002) . The Catechol like structure has been attributed to a neuroprtotective ability as it may competitively inhibit 1-methyl-4-phenylpyridinium (MPP + ) intake which prevents MPTP/MPP + induced damage (Pan et al., 2003) . EGCG decreases bax expression, a proapoptotic gene (Levites et al., 2002; Mandel et al., 2004) , responsible for the decrease in membrane potential in mitochondria by opening the mitochondrial mega-channel permeability transition pore (mPTP) which leads to cytochrome c release and cell death (Cory and Adams, 2002; Bernardi et al., 2001 ).This way, by maintaining mitochondrial integrity in nonrenewable cells like neurons, contributes to neuroprotection (Mandel et al., 2005) . Studies have also reported that EGCG increases SOD and catalase activity in the striatum of rats (Levites et al., 2001 ) and preserves striatal dopamine levels (Choi et al., 2002) . Overall, ECG and EGCG have been shown to possess more validity in cases of neurodegenerative diseases as compared to other catechins owing to their capacity to cross blood brain barriers (Suganuma et al., 1998) .
Cancer
Age is one of the factors that strongly determine the probability of curable cancer (Carter et al, 1999) . The effect of tea catechins has long been studied for cancers affecting the oesophagus (Gao et al., 1994) , stomach (Hibasami et al., 1998) , duodenum , colon and rectum (Ji et al., 1997; Jung et al., 2001 ), breast and mammary glands (Liao et al., 1995; Hirose et al., 1995) , lungs (Zhong et al., 2001) , pancreas (Bt et al., 1997), bladder (Wakai et al., 1993) , prostrate (Jain et al., 1998 , Paschka et al.,1998 , skin (Wang et al, 1989 ) and blood (Hayakawa et al., 2001 ). Effects of catechins in cancer prevention has been suggested through several factors viz. the decrease or lowering of lipid hyperoxidation , DNA damage (Inagake et al., 1995) , and very low density lipoproteins (VLDL) and low density lipoproteins (LDL) cholesterol (Zhang et al., 2002) . They also reduce the number, weight and volume of tumours (Zhu et al.,1999; Xu et al., 1992; Cao et al., 1996) , suggesting their role in the reduction of cancer effects. In a study on Japanese patients, green tea has been reported to lower the recurrence of stage I and II breast cancer (p < 0.05) on increased consumption (Nakachi et al., 1998) . While another study on Japanese patients found no significant inverse relation between green tea consumption and the risk of stomach cancer (Hoshiyama et al., 2004) . Wang (Wang et al., 1989) suggested green tea polyphenols have a significant anti-skin tumour initiating activity when tested against polycyclic aromatic hydrocarbons in mice. Catechins possess antimutagenic activities (Bu-Abbas et al., 1994) , and anti-genotoxic effects (Sugisawa et al., 2004) , induce apoptosis in cancer cells (Hayakawa et al., 2001) , and inhibit angiogenesis (Jung et al., 2001 ) that makes them useful as anti-carcinogenic compounds. In epithelial tumours, the epidermal growth factor receptor (EGFR) is highly expressed and is inhibited by EGCG (Masuda et al., 2001; Shimizu et al., 2005) . Jung (Jung et al., 2001) , suggested the inhibition of tumour growth in human colon carcinoma cells. In their study, they examined the effect of EGCG on transcriptional regulation of vascular endothelial growth factor (VEGF), and reported a dose dependent inhibition of VEGF promoter activity. Also, they reported a 30% (compared to controls) decrease in vessel formation in tumour regions using immunohistochemical staining. In a placebo controlled study, Bettuzzi (Bettuzzi et al., 2006) suggested 90% chemoprevention efficacy for human prostate cancer (CaP), after conducting a proof-of-principle clinical trial for which 60 patients with high grade PIN (HGPIN), the main premalignant lesion of CaP, were selected. Sugisawa et al. (2004) investigated the effects of tea catechins on chromosomal damage by cytokinesis-block assay, and reported preventive effects against ROS-induced chromosomal damage. EGCG has been shown to cause DNA fragmentation and initiating apoptosis in small-cell lung carcinoma (SCLC) (Sadava et al., 2007) . EGCG has also been reported to possess the ability to inhibit the telomerase enzyme (Mittal et al., 2004) . Telomerase is known to be an important enzyme that maintains telomere length in cancer cells and thus keeps such cells proliferative (Kim et al., 1994; Shay et al., 2001) . It has been suggested that EGCG can cause cancer cell death by antioxidant and epigenetic modulation and has been reported to inhibit human telomerase reverse transcriptase (hTRT) (Berletch et al., 2008) , which is an essential catalytic component of telomerase. As telomere shortening is thought to control cellular aging (Morales et al., 1999; Shay et al., 2001) , it suggests further evidence of a correlation between aging and cancer. Hakim and co-workers (Hakim et al., 2003) demonstrated a decrease in 8-hydroxy-2'-deoxyguanosine (8-OHdG), a marker of oxidative stress, in former smokers after the consumption of four cups of green tea. This supports its antioxidative nature to be helpful in cancer prevention. The antioxidative and pro-oxidant effects of catechins have widely been reported in both human and animal models in support of cancer prevention (Lambert and Elias, 2010; Kuroda and Hara, 1999) .
Cardiovascular diseases
Cardiovascular diseases are long known to be age associated disorders. The risk of incidence of cardiovascular disease increases with advancing age, and this primarily occurs due to aging structure and function of the cardiovascular system (Lakatta and Levy, 2003) . Wall thickening and dilatation of large elastic arteries (Lakatta, 1993) , intimal thickening of the aortic wall (Virmani et al., 1991) and thickening of the intimal media of the carotid wall (Nagai et al., 1998) with age have earlier been reported (Lakatta and levy, 2003) . Also, cardiac hypertrophy and increased accumulation of collagen and fibronectin with aging has been suggested (Burgess et al., 2001) . Several other studies have suggested changes in cardiac muscles with increasing age. Mohan and Radha (Mohan and Radha, 1978) in their study on the red, white and cardiac muscles of albino rats, showed an increase in autolysis and Ca 2+ activated proteolytic activity of sarcoplasmic proteins with age. Lin (Lin et al., 2008) suggested a decrease in myocytes, increase in myocyte hypertrophy and reparative fibrosis as factors that together depress left ventricular (LV) function and indicate cardiac sarcopenia, which may contribute to responses to problems in elders. In this study, a decrease in glycogen stores in myocardium has been suggested with aging leading to LV dysfunction. Also, ventricular muscle fibres' RNA content has been suggested to decrease with chronological age in the past (Wulff and Freshman, 1961) .
As already discussed in the above sections, OS causes deleterious effects mediated by pathogenic overproduction of ROS that overpowers our antioxidant systems and causes aging. ROS have been reported to cause such damage to vascular and cardiac muscles and has been shown to participate in causing atherosclerosis, ischemic heart diseases, hypertension and cardiac hypertrophy (Dhalla et al., 2000) . The effects of tea catechins, especially EGCG, have been investigated and widely suggested in epidemiological, experimental and clinical studies (Velayutham et al., 2008) . Many mechanisms have been indicated in such studies, viz. antioxidative, anti-proliferative, anti-inflammatory, anti-platelet and anti-thrombotic activities, and the ability to affect lipid metabolism and vascular homeostasis (Velayutham et al., 2008) . Miura (Miura et al., 2000) , demonstrated green tea polyphenols increased α tocopherol and β carotene concentration, which are endogenous antioxidants in LDL. In oxidation mediated by ROS, LDL loses these endogenous lipophilic antioxidants (Esterbauer et al., 1987) . In their study (Miura et al., 2000) they showed a prolonged lag time (14 min) of LDL oxidation in a group that consumed tea and thus suggested green tea to be capable of rendering LDL resistant to in-vivo oxidative damage and thus reducing the rate of cardiovascular diseases. Son (Son et al., 2004) reported the inhibition of rabbit platelet aggregation induced by collagens, arachidonic acid (AA), etc in-vitro and ex-vivo, by GTC. Also in their study, ATP release from dense granules in the platelet was shown to be inhibited by GTC, which otherwise are involved in platelet activation. This investigation (Son et al., 2004 ) also inferred that GTC used the COX pathway for their anti-platelet activity, by which they prevent platelet aggregation and thus avoid arterial thrombi that cause thromboembolic problems atherosclerosis and other cardiovascular diseases (Packham, 1994) . Song et al. (2002) reported the inhibition of age associated Maillard type fluorescence in the aortic collagen of Spague-Dawley rats. These Maillard-type fluorescence causing compounds (Dyer et al., 1993) are part of advanced glycation end products (AGEs) which can cause thrombogenesis upon interaction with vascular cells (Vlassara et al., 1994; Bucala et al., 1991) . A study (Sachinidis et al., 2002) reported the anti-proliferative effects of catechins (especially ECG, EGCG and EGC) by which they inhibit phosphorylation of a platelet derived growth factor (PDGF-Rβ) and vascular smooth muscle cell (VSMC) proliferation and thus possess a preventive role in proliferative cardiovascular diseases. A study further supports (Kang et al., 1999 ) the anti-thrombotic effects of EGCG and GTC, suggesting anti-platelet activities as the reason for such effects. In their study, GTC and EGCG prolonged the tail bleeding time in-vivo (mice) and inhibited platelet aggregation in-vitro (humans). Nagao et al. (2007) suggested a reduction in body fat, LDL cholesterol and systolic blood pressure on the consumption of GTE rich in catechins, and thus could lower cardiovascular risks and obesity. As obesity and fat accumulation are well correlated to hypertension (Kanai et al., 1990) , the above findings may also suggest the prevention of hypertension by catechins. Recently in a study , the high intake of catechin rich diet has been suggested in prevention of OS in hypertension. In this study, the strong anti-oxidant ability of EC has been indicated and use of catechins as antihypertensive agents suggested. Catechins may also prevent atherogenesis by inhibiting LDL induced human VSMC proliferation (Locher et al., 2002) . The findings of El Bedoui et al. (2005) indicate GTC to potentially inhibit VSMC invasion and thus are able to cause retardation in the development of lesions in atherosclerosis. EGCG also lowers the C-reactive protein (CRP) expression and levels of mRNA transcript for CRP and also prevents atherosclerosis (Ramesh et al., 2010) . CRP is a biomarker for inflammation, which is involved in atherosclerosis (Verma and Yeh, 2003) and also causes production of ROS (Wang et al., 2003) . Koga and Meydani (Koga and Meydani, 2001 ) prepared plasma metabolites of (+) catechin via intragstric administration and tested for their effects on monocyte adhesion to human aortic endothelial cells (HAEC). In their study, they found that (+) catechin metabolites inhibited cell adhesion to HAEC and decreased the generation of ROS. In a study by Osada et al. (2001) , catechins inhibited cholesterol oxidation and the formation of 7β-hydroxycholesterol, 5β-epoxycholesterols and 7-keto cholesterol with the addition of catechins to LDL, and it is suggested that the radical scavenging action was responsible for it. Stangl et al. (2007) detailedly reviewed on the mechanisms of catechin action in the prevention of cardiovascular diseases. A recent study (Upaganlawar and Balaraman, 2010) reported green tea with vitamin E reduced OS during myocardial infarction (MI) in rats. Finally, as demonstrated by Li et al. (2006) , EGCG also inhibits upregulated expressions of three major subunits of NAD (P) H oxidase that otherwise cause increased ROS production. They reported that EGCG inhibits cardiac hypertrophy via blocking of ERKs, p38, Jun NH 2 -terminal kinases (JNKs) and IKKβ/NF-κB activation and inhibiting AP-1, that otherwise induces cardiac hypertrophy (Sanna et al., 2005) . In a recent study, cigarette smoking induced alterations viz. increased LPO and protein carbonyls and decreased enzymatic and non-enzymatic antioxidants were shown to be bettered by EGCG (Gokulakrisnan et al., 2010) . Lee et al. (2002) suggested that even after a consumption equivalent to ~2 cups of tea, plasma EGCG level was 0.17 µm which is far lower than that used in cell culture systems in-vitro. In this study, EGCG consumption equivalent to 195 mg (for 70 kg body weight) i.e. 20 mg tea solids/kg were dosed. While Erba (Erba et al., 2005) investigated the effects of two cups of green tea consumption (~250 mg catechins) and found significant effects on plasma total antioxidant capacity (increased), plasma peroxide levels and LDL cholesterol (decreased) after 48 h of consumption. In several other pharmacokinetic studies so far, significant bioavailability of EGCG and other tea catechins when compared to concentrations used in-vitro in experiments has not been revealed. This leaves room for many further investigations and trials in this respect. Chow and Hakim (2010) detailedly reviewed on pharmacokinetics and metabolism.
Pharmacokinetics and bioavailability

CONCLUSION
The normal human body has a very complex and efficient antioxidant system consisting of a number of interrelated antioxidant compounds and enzymes. Mechanism(s) that are thought to be involved in the increased oxidative stress as a function of human age include not only oxygen free radical generation but also changes in the tissue/plasma content and the activity of the antioxidant defence system. The present review may have implications in designing the strategies for the use of tea catechins as anti-aging agents in age related diseases. We hypothesise that a high intake of catechin rich diet by higher age groups may provide some protection against the development of age related diseases and slow down the aging process.
